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ABSTRACT 
Liza parsia were exposed to sublethal (0.02 ppm) concentration of DDT for 15 days. The gill 
responded initially with copious secretion of mucus, oedematous separation of epithelial cells 
from the basement membrane and fusion of secondary gill lamellae. Hyperplasia of the cells 
lining primary gill lamellae and lamellar telangiectases (or aneurysms) were frequently seen 
after day 10 of exposure. Kidney exhibited hypertrophy of the epithelial cells lining proximal 
convoluted tubules which was followed by shrinkage in glomerular tufts, increase in Bowman's 
space, appearance of amorphous eosinophilic materials in the lumina of the tubules and focal 
necrosis on day 10 of the treatment. Hyaline droplets and casts were also encountered in the 
epithelial cells and lumina of the proximal tubules. Liver revealed an intitial dilation of 
canaliculi and increased secretion of bile. Thereafter, the displacement of nuclei towards 
periphery of the hepatocytes, disorganization of blood sinusoids, pyknotic changes in nuclei, 
cytolysis and vacuolation as well as focal necrosis were noticed after day 10 of the intoxication. 
INTRODUCTION 
During the past two decades, much 
evidences have been accumulated demonstrating 
the persistence of DDT (dichlorodiphenyl-
trichloroethane), its metabolites, and other 
chlorinated hydrocarbon compounds in the 
various sectors of biosphere (Ruvio, 1972; 
Youngs et al. 1972; Metcalf, 1973; Polemio et 
al. 1983; Aly and Badawy, 1984; El-Dib . and 
Badawy 1984; Al-Omar, 1985, 1986; Cochierei 
et al. 1988). Recent studies have shown the 
presence of DDT in the drinking water (Dikshith 
et al. 1990), freshwater reservoir (Bakre et al. 
1990) river (Agrawal et al. 1986) and marine 
environments (Sen Gupta and Qasim, 1985; 
Sarkar and Sen Gupta, 1986) of the Indian 
subcontinent too. An attempt has been made to 
see the effect of sublethal exposure of DDT on 
the gill, kidney and liver of an estuarine mullet, 
Liza parsia. 
MATERIAL AND METHODS 
Immature specimens of Liza parsia 
(Hamilton-Buchanan) (average length 6.5cm) 
were collected from Vypeen Island (near Cochin) 
by operating a cast net. They were transported to 
the laboratory and maintained in clean sea water 
(salinity, 26 ppt; pH,7.69; oxygen content, 4.28 
m1/1; average temperature, 28.5 ° C) for a period 
of one week prior to use. Then, the fish were 
divided randomly into two equal groups each 
consisting of 40 specimens and were subjected 
to the following treatments: 
Group A Fish were maintained in sea water 
and served as controls. 
Group B : Fish were exposed to the sublethal 
concentration 0.02 ppm (1/5th of 
LC so 96 hours ) of DDT in sea water 
(experimental). 
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The medium was renewed every alternate 
day and fish were not fed during the entire 
course of investigation. One fish died on day 12 
of exposure, about 25% mortality was noticed 
on day 15. Dead fish were discarded from the 
study. 
Five specimens from each group were 
sacrificed on day 2,4,8,10,12 and 15 of the 
treatment. Tissues (gill, kidney and liver) were 
extirpated and fixed immediately in freshly 
prepaled aqueous Bouin's solution. After 24 
hours of fixation, the tissues were washed in 
running tap water to remove excess picric acid 
and dehydrated in graded series of alcohol, 
cleared in xylene and embedded in paraffin wax 
at 60° C. Serial sections were cut at 6-811 and 
stained with hematoxylin and eosin, and PAS. 
RESULTS AND DISCUSSION 
The primary gill lamellae of control Liza 
parsia are laterally compressed leaf-like 
structures arranged alternately on either side of 
the interbranchial septum. Each primary gill 
lamella bears secondary gill lamellae on both 
the sides perpendicular to its long axis. Primary 
gill lamella comprises a central core of 
cartilaginous rod and blood vessels whereas the 
secondary gill lamella consists of a layer of 
flattened epithelial cells, blood sinuses and 
contractile pillar cells (Fig.1). 
In DDT-treated fish, the gill responded 
initially with the copious secretion of mucus and 
partial separation of epithelial cells from the 
basement membrane in the secondary gill 
lamellae on day 2 (Fig.2). However„ such a 
change was more marked by day 4 of the 
treatment (Fig.3). On day 8, the oedematous 
separation (detachment) of epithelial cells from 
the-basement membrane was almost complete. 
Also, the gill exhibited tissue hyperplasia and 
fusion of secondary gill lamellae and 
telangiectases (or aneurysms) were frequently 
encountered by day 10 of DDT intoxication. 
Cellular hyperplasia and aneurysms were more 
pronounced after 12 days to the extent that the 
entire interlamellar spaces became filled with  
the hyperplastic epithelium (Figs.5, 6). 
Kidney of control Liza parsia consists of 
secretory, excretory, haemopoietic and endocrine 
(interrenal, chromaffin and corpuscles of 
Stannius) components which are interspersed in 
the stroma of the reticuloendothelial tissue. The 
reticular tissue and numerous blood sinuses 
constitute the reticuloendothelial system. The 
kidney of mullet does not exhibit any zonal 
structures like medulla and cortex. Anterior 
renal portion (head kidney) exclusively contains 
haemopoietic and endocrine tissues whereas 
posterior segment (trunk kidney) comprises 
excretory and haemopoietic tissues. 
Nephrons of Liza parsia consists of a tuft of 
capillaries forming glomerulus surrounded by 
Bowman's capsule which is followed by a short 
neck lined by ciliated cuboidal epithelium. The 
first proximal segment is formed of cuboidal to 
low columnar epithelial cells with prominent 
brush border and basal nuclei. The second 
proximal segment is lined by acidophilic 
columnar epithelium with centrally placed nuclei 
and the cytoplasm giving striated appearance in 
basal regions. The second proximal segment is 
connected to the collecting duct by a distal short 
tubule formed of low columnar to cuboidal 
epithelium. The interstitial space is occupied by 
actively dividing haemopoietic tissue (Fig .7). 
Kidney of DDT-treated mullet revealed 
swelling (hypertrophy) of the epithelial cells 
lining proximal convoluted tubules on day 2 of 
the exposure. Oedema and shrinkage of glome-
ruli were noticed in the kidney of 4 and 8 days 
treated fish (Fig.8). In some tubular lumina, 
eosinophilic casts and desquamated cells were 
also observed on day 8 of the treatment (Fig.9). 
However, degenerative changes like vaculation, 
pyknosis, karyolysis and fibrosis were seen after 
day 10 of the intoxication (Fig.10). At 
places,focal necrosis was also encountered. 
Interestingly, eosinophilic material casts 
(uroliths) were noticed in the renal tubules by 
day 12 of the treatment (Fig.11). Kidney of 15 
days DDT-treated fish revealed increased 
cellularity, mesenchymal proliferation, fibrosis 
and thickening of the capillary walls (sclerosis) 
(Fig.12). 
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Fig. 1. Gill of control Liza parsia showing primary (PGL) and secondary (SGL) gill lamellae, and 
central core (CC) of PGL. Hematoxylin z eosin. X 200. 
Fig.2. Gill of Liza parsia exhibiting the separation of epithelial cells from the basement membrane 
(arrows) on day 2 of DDT treatment. Hematoxylin-eosin. X 400. 
Fig. 3. Gill ofDDT-treated Liza parsia (arrows) depicting oedematous separation of epithelial cells 
from the basement membrane of secondary gill lamellae on day 4 of the experiment. 
Hematoxylin-eosin. X 400. 
Fig.4. Gill of Liza parsia showing the hyperplasia of epithelial cells and fusion of secondary gill 
lamellae (arrows) by day 8 of DDT treatment. Broken arrows, pillar or pilaster cells. 
Hematoxylin-eosin. X 400. 
Fig. 5 Gill of Liza parsia on day 10 of DDT treatment showing the cellular hyperplasia of the 
epithelium lining primary gill lamellae. Mark the telengiectases or aneurysms (arrows). 
Hematoxylin-eosin. X 100. 
Fig. 6. Gill of 15 days DDT-treated Liza parsia depicting extensive cellular hyperplasia filling the 
interlamellar spaces (arrow). Also, note the clogging of central core (CC) of the primary 
gill lamella. Hematoxylin-eosin. X 400. 
58 
	 PANDEY, MOHAMED, GEORGE AND SHYAMLAL 
Liver of control Liza parsia comprised of a 
continuous mass of hepatocytes arranged in 
irregular cords. The hepatic cells were large, 
polygonal in shape with the nucleus almost 
centrally placed. Blood sinusoids and sinuses 
were also seen among the hepatocytes (Fig.13). 
Liver revealed dilation of canaliculi and 
increased secretion of bile on day 2 of DDT 
treatment. Hepatocytes depicted a slight loss in 
the staining affinity, displacement of nucleus 
towards periphery and signs of vacuolation by 
day 4 of the treatment (Fig.14). Thereafter, 
degenerative changes like disorganization of 
blood sinusoids, vacuolation, cytolysis and 
pyknosis were observed by day 10 of the exposure 
(Fig.15). However, these changes were further 
exaggerated by 15 day of DDT treatment. Focal 
necrosis was also seen at places (Fig.16). 
Kumar and Pant (1984) remarked that 
histopathological studies were useful in 
evaluating the pollution potential of pesticides 
since trace levels of these chemicals which did 
not bring about animal mortality over a given 
period, were capable of producing considerable 
organal damage. Dichloro 7 diphenyl-
trichloroe thane (DDT) is reported to be the most 
toxic pesticide to the fish (Ruvio, 1972; Jacob et 
al. 1982; Ramalingam and Ramalingam, 1982; 
Komsta et al. 1988). The present study clearly 
demonstrates that even trace level of the pollutant 
induces pathological lesions in gill, kidney and 
liver of the mullet, Liza parsia. Gill covers more 
than 60% surface area of the fish and its external 
location renders it the most vulnerable target 
organ forpollutants (Roberts, 1978). Also, entry 
of DDT from water is largely through the gill, 
(Premadas and Anderson,1963) and hence the 
severe histopathological changes noticed in the 
gills of Liza parsia exposed to DDT. Similar 
branchial responses to various pollutants have 
also been observed (Eller, 1971; Roberts, 1978; 
Kumar and Pant, 1984; Rainamurthy et al. 1987; 
Srivastava et al. 1989; Pandey et al. 1993). The 
proliferative thickening of gill epithelium 
(hyperplasia) appears to be a general safety 
measure against irritation by the environmental 
toxicants (see Roberts, 1978; Pandey et al. 
1993). The oedematous separation of gill  
epithelium from the basement membrane of 
pillar cells in DDT-treated Liza parsia may 
probably be due to the increased capillary 
permeability (Roberts, 1978) or lowered 
efficiency of the epithelial cells in maintaining 
normal water balance (Eller, 1971; Roberts, 
1978). Lamellar telengectases and filling of the 
interlamellar spaces by hyperplastic epithelium 
in 12 and 15 days exposed mullets (Fig.6) tend 
to explain the high mortality of the fish, probably 
due to asphyxia (Roberts, 1978). 
Kidney of Liza parsia exhibited glomerular 
shrinkage and tubular necrosis due to DDT 
intoxication. Similar histopathological changes 
were also observed by other workers in response 
to sublethal exposure to the pollutants, lindane 
(Colisa fasciatus -Verna et al. ,1975), 2,3,4- 
trianminoazobenzene (Minna proiclatits-Goel 
and Gard, 1981), aldicarb (Barbtis conchonius-
Kumar and Pant 1984), monocrotophos (Puntius 
conclioniits-Kumar and Pant, 1985), 
methoxyethyl mercuric chloride (Puntitts 
conchonius - Gill et al. 1988, Callas bairachus 
Kirubagaran and Joy, 1988), methyl mercuric 
chloride (Clarias batrachus-Kirubagaran and 
Joy, 1988), chloropyrifos (Heteropneustes 
.fossitis-Srivastava et al, 1990), nuvan (Liza 
parsia-Mohapatra and Noble, 1992) and mercuric 
chloride (Clarias batmchus-Kirithagaran and 
Joy, 1988; Liza parsia - George et al. 1993). In 
DDT-treated Liza parsia, Kidney revealed 
hyaline droplet formations, increased 
permeability, thickening of capillaries and 
sclerosis. These lesionS appear similar to the 
common glomerulonephritis of the other 
vertebrates (Slauson and Lewis, 1979; Chandra 
et al. 1981) which have been attributed to the 
immunologically-mediated inflammatory 
reactions (Jones and Hunt, 1983). Autoimmune 
reactions and deposition of immune complexes 
are suspected to cause glomerulonephritis 
(Slauson and Lewis, 1979; Jones and Hunt, 
1983). Interestingly, Saxena et al. (1992) have 
demonstrated immunosuppressive response of 
hexachlorocyclohexane 
	
(HCH ) 
Heleropneustes fossills. 
Liver is an important target organ affected 
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Fig.7. Kidney of control Liza parsia si 
	 igp roximal convoluted tubules (P) and glomerulas (G). 
Heinatoxylin-eosin. X 400. 
Fig.8. Kidney of4 day DDT-treated Lizaparsia exhibiting oedema (arrows) and a minor shrinkage 
in the glomeruli. Hematoxylin-eosin. X 400, 
Fig. 9. Kidneyof Liza parsia on day 8 of the treatment depicting oedema (arrows) and eosinophilic 
casts with exfoliated ( desquamated) cells in the renal tubule (broken arrow). Hen7atoxylin-
eo sin. X-400. 
Fig.10 Kidney of Liza parsia snowing vacuolation and kaiyolysis of the cells lining proximal 
convoluted tubules and shrinkage in the glomeruli on day 10 of DDT treatment. Mark the 
presence of exfoliated cells and eosinophilic materials in the lumina of the tubules (arrows). 
Broken arrows show increased fibrosis. Hematoxylin-eosin, X 400. 
Fig. 11. Kidney of Liza parsia on day 12 of DDT treatment. Mark the presence of eosinophilic urolith 
in the renal tubule. Hematoxylin-eosin. X 400. 
Fig,12. Kidney of Liza parsia showing increased cellularity (broken arrow), fibrosis (arrow) and 
degeneration of glomerular tufts (arrow heads). Hematoxylineosin. X 400. 
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Fig.13. Liver of control Liza parsia showing the hyperchromatic hepatocytes. Mark the presence 
of sinusoid (S) and blood sinus (BS). Hematoxylin-eosin. X 400. 
Fig,14. Liver of Liza parsia on day 4 of DDT treatment depicting slight loss in the staining affinity 
and begining of vacuolation process, Hematoxylin-eosin. X 400. 
Fig.15. Liver of DDT treated Liza parsia exhibiting extensive vacuolation and cytolysis on day 10 
of the experiment. Mark the pycnotic nuclei (arrows). Hematoxylin-eosin. X 1000. 
Fig.16. Liver of Liza Parsia showing extensive degenerative changes like vacuolation (arrows), 
cytolysis (broken arrows), pyknosis (arrow heads) and disorganization of blood sinusoids 
by day 15 of DDT intoxication. Focal 'necrosis (FN) is also seen. Hematoxylin-eosin. 
X 1,000. 
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by pollutants in teleosts (Roberts, 1978). Several 
workers have recorded degenerative changes in 
this tissue in response to pollution by various 
toxicants (Eller, 1971; Bhattacharya et al., 1975; 
Ames, 1978; Dubale and Shah, 1979; Goel and 
Garg, 1980; Kumar and Pant, 1984; Ram and 
Sathyanesan, 1987; Gill et al_ 1990; Mohapatra 
and Noble, 1992). The present observations in 
Liza parsia clearly demonstrate the liver to be 
the organ affected most severely in response to 
DDT intoxication. This is probably the first 
detailed account of the organal damage induced 
by sublethal exposure of DDT to an estuarine 
mullet from the Indian subcontinent. 
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